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PREFACE 


This  report  has  been  prepared  under  guidance  contained  In  the 
Reconnnended  Guidelines  for  Safety  Inspection  of  Dams,  for  Phase  1 Investi- 
gations. Copies  of  these  guidelines  may  be  obtained  from  the  Office  of 
Chief  of  Engineers,  Washington,  D.C.  20314.  The  purpose  of  a Phase  I 
Investigation  Is  to  Identify  expeditiously  those  dams  which  may  pose 
hazards  to  human  life  or  property.  The  assessment  of  the  general  condition 
of  the  dam  Is  based  upon  available  data  and  visual  Inspections.  Detailed 
Investigation,  and  analyses  Involving  topographic  mapping,  subsurface 
Investigations,  testing,  and  detailed  computational  evaluations  are 
beyond  the  scope  of  a Phase  1 Investigation;  however,  the  Investigation 
Is  Intended  to  Identify  any  need  for  such  studies. 


In  reviewing  this  report.  It  should  be  realized  that  the  reported 
condition  of  the  dam  Is  based  on  observations  of  field  conditions  at  the 
time  of  Inspection  along  with  data  available  to  the  Inspection  team.  In 
cases  where  the  reservoir  was  lowered  or  drained  prior  to  Inspection, 
such  action,  while  Improving  the  stability  and  safety  of  the  dam,  removes 
the  normal  load  on  the  structure  and  may  obscure  certain  conditions 
which  might  otherwise  be  detectable  If  Inspected  under  the  normal  operating 
environment  of  the  structure. 


It  Is  Important  to  note  that  the  condition  of  a dam  depends  on 
numerous  and  constantly  changing  Internal  and  external  conditions,  and 
Is  evoluntlonary  In  nature.  It  would  be  Incorrect  to  assume  that  the 
present  condition  of  the  dam  will  continue  to  represent  the  condition  of 
the  dam  at  some  point  In  the  future.  Only  through  frequent  Inspections 
can  unsafe  conditions  be  detected  and  only  through  continued  care  and 
maintenance  can  these  conditions  be  prevented  or  corrected. 


Phase  I Inspections  are  not  Intended  to  provide  detailed  hydrologic 
and  hydraulic  analyses.  In  accordance  with  the  established  Guidelines, 
the  spillway  design  flood  Is  based  on  the  estimated  "Probable  Maximum 
Flood"  for  the  region  (greatest  reasonably  possible  storm  runoff),  or 
fractions  thereof.  The  spillway  design  flood  provides  a measure  of 
relative  spillway  capacity  and  serves  as  an  aid  In  determining  the  need 
for  more  detailed  hydrologic  and  hydraulic  studies,  considering  the  size 
of  the  dam.  Its  general  condition  and  the  downstream  damage  potential. 


'National  Dam  Inspection  Program*  Sto> 
vers  Dam  (NDS-PA.9flr6W,  DER-38-5), 
Susquehanna  River  Basin,  Lebanon  County, 
Pennsylvania,  Phase  I Inspection 


PHASE  I REPORT 

NATIONAL  DAM  INSPECTION  PROGRAM 


BRIEF  ASSESSMENT  OF  GENERAL  CONDITIONS 
AND  RECOMMENDATIONS 


Name  of  Dam: 

State  & State  No. 
County: 

Stream: 

Date  of  Inspection: 


STOVERS  LAKE  DAM,  NDS  NO.  PA~00600 

PENNSYLVANIA,  38-5 

LEBANON 

A BRANCH  OF  BRANDYWINE  CREEK 
November  15,  1978 


Based  upon  the  visual  Inspection,  past  performance  and  the  available 
engineering  data,  the  dam  and  Its  appurtenant  structures  appear  to  be  in 
poor  condition. 

In  accordance  with  the  Corps  of  Engineers'  evaluation  guidelines  the 
combination  of  storage  and  spillway  capacity  Is  capable  of  passing  only 
11  percent  of  the  Probable  Maximum  Flood  (PMF)  and  the  spillway  Is 
considered  to  be  seriously  inadequate. 

The  following  recommendations  are  made  for  action  by  the  owner: 

1.  That  a detailed  engineering  investigation  be  conducted  by  a 
qualified  professional  engineer  to  determine  the  source  and 
cause  of  the  observed  seepage  and  soft  condition  at  the  toe 
of  the  embankment,  and  to  assess  the  Influence  of  these 
conditions  on  the  stability  of  the  structure.  Also,  to 
determine  what  measures  should  be  taken  to  Improve  the  capacity 
of  the  spillway  to  meet  the  requirements  of  the  criteria  as 
set  forth  by  the  Commonwealth  of  Pennsylvania. 

2.  That  the  crest  of  the  embankment  be  raised  immediately  to  a 
uniform  elevation  as  the  initial  step  to  the  overall  improve- 
ments to  the  dam. 

3.  That  a positive  method  of  closure  of  the  upstream  end  of  the 
outlet  pipe  be  established. 

4.  That  a procedure  be  developed  and  Implemented  to  provide 
regular  maintenance  of  the  embankment  slopes. 


That  a formal  aurvelllance  and  downstream  warning  system 
developed  to  be  used  during  periods  of  high  or  prolonged 
precipitation . 


APPROVED  IT 


BERGER  ASSOCUTES,  INC. 
HARRISBURG,  PENNSYLVANIA 


DATE:  February  20,  1979 


Colonel,  Corps  of  Engineers 
District  Engineer 
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PHASE  I INSPECTION  REPORT 
NATIONAL  DAM  INSPECTION  PROGRAM 


STOVERS  LAKE  DAM 


NDS-ID  NO.  PA-00600 
DER-ID  NO.  38-5 


SECTION  1 - PROJECT  INFORMATION 


1.1  GENERAL 


Authorit 


The  dam  Inspection  Act,  Public  Law  92-367  authorized  the 
Secretary  of  the  Army,  through  the  Corps  of  Engineers,  to  initiate  a 
program  of  inspections  of  dams  throughout  the  United  States. 


The  purpose  is  to  determine  if  the  dam  constitutes  a hazard  to 
human  life  and  property. 


1.2  DESCRIPTION  OF  PROJECT 


A.  Description  of  Dam  and  Appurtenances 

'NI  Stovers  Dam  is  a 160(^year  old  earthflll  embankment  with  a 
masonry  spillway  at  its  left  end.  The  length  of  the  embankment  is 
approximately  250  feet  and  the  maximum  height  is  25  feet.  The  18  foot 
wide  broadcrested  spillway  was  originally  three  feet  below  the  top  of 
the  dam,  but  has  been  raised  a few  inches.  A gate  structure,  located  on 
the  upstream  side,  has  been  sealed  off  and  the  control  on  the  12-lnch 
blowoff  pipe  is  located  in  a valve  pit  near  the  downstream  toe.  This 
pipe  is  the  only  known  pipe  In  the  embankment  and  has  no  upstream  closure 
control."^. 


B.  (a  Location 


^Clty  of  Lebanon  & North  Lebanon  Township 
Lebanon  County,  U.S.  Quadrangle,  Lebanon 
Latitude  40“-20.8',  longitude  76*-24.2’ 
(Appendix  F,  Plates  I and  II) 


Size  Classification 


Small  (282  acre-feet,  height  25  feet) 


Hazard  Classification 


E.  Ownership: 
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p: 


City  of  Lebanon 

Lebanon  Recreation  Department 


400  South  8th  Street 
Lebanon,  Pennsylvania  17042 


F.  Purpose;  Public  Recreation  (Fishing  and  Boating) 

G.  Design  and  Construction  History 

The  dam  was  built  by  the  Union  Canal  Company  In  about  1820  by 
day  labor  as  a feeder  for  the  Union  Canal.  In  about  1868,  the  top 
elevation  of  the  dam  was  raised  when  additional  lockage  water  was 
required  due  to  Increased  barge  traffic.  A ditch  was  excavated  in  a 
southeasterly  direction  to  feed  the  canal.  Ownership  was  transferred  to 
the  Philadelphia  and  Reading  Rail  Company  and  then  to  the  Lebanon  Water 
Company,  a subsidiary  of  Bethlehem  Steel  Company,  Lebanon  Plant.  The 
dam  and  reservoir  were  recently  acquired  by  the  City  of  Lebanon  for 
recreational  purposes.  Due  to  the  age  of  the  dam,  no  design  or  con- 
struction information  for  these  facilities  are  available. 


H.  Normal  Operating  Procedures 

There  are  no  formal  operating  procedures.  All  Inflow  Is 
either  stored  below  spillway  crest  or  discharged  over  the  spillway. 
Seepage  through  embankment  or  foundation  generally  keeps  the  water  level 
below  spillway  elevation. 


1.3  PERTINENT  DATA 

A.  Drainage  Area  (square  miles) 

From  file  Information  - 1.1 
Computed  for  this  report  - 1.1 

Use  1.1 

B.  Discharge  at  Dam  Site  (cubic  feet  per  second) 

See  Appendix  C for  hydraulic  calculations 

Maximum  known  flood,  June  22,  1972  (dam  overtopped 
1/2-lnch) 

Inf low  estimated  on  basis  of  records  for 
uses  gage  Beck  Creek  near  Cleona 

Outflow  estimated  on  basis  of  reported 
pool  elevation  (541.4)  (Includes  flow 
over  embankment) 

Warm  water  outlet 


1,100 

550 

None 
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TITT' 


Outlet  works  low  pool  outlet  at  pool  Elev.520  4 

Outlet  works  at  pool  level  Elev.537  (spillway 

crest)  9 

Spillway  capacity  at  pool  Elev.  539.7  (low 

point  In  embankment)  210 

Spillway  capacity  at  pool  Elev.  542.3  (top  of 

spillway  abutment)  If  embankment  Is  restored 

to  that  level  580 

C.  Elevation  (feet  above  mean  sea  level) 

Top  of  dam  - uneven  - varies  between  539.7  & 542.3 

Spillway  crest  537 

Upstream  portal  Invert  of  outlet  tunnel,  about  517 

Downstream  portal  Invert  of  outlet  tunnel,  about  515 

Streambed  at  centerline  of  dam,  about  517 

Maximum  tallwater  about  520 

D.  Reservoir  (miles) 

Length  of  maximum  pool  0.5 

Length  of  normal  pool  0.4 

E.  Storage  (acre-feet) 

Spillway  crest  (Elev.  537)  215 

Top  of  dam  (Elev.  539.7)  282 

F.  Reservoir  Surface  (acres) 

Top  of  dam  (Elev.  539.7  low  point)  31 

Spillway  crest  (Elev.  537)  20 

G.  Dam 

Type:  Earthflll 
Length:  250  feet. 
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Height:  25  feet 

Top  Width:  Irregular,  about  6 feet 

Side  Slope:  Upstream  ' irregular  above  waterline,  probably 
1.5H  to  IV 

Downstream  - measured  1.6H  to  IV 
Zoning:  Unknown 
Impervious  Core:  Unknown 
Cutoff:  Unknown 

Grouting:  Unknown  (not  practiced  In  1820) 

H.  Outlet  Facilities 


A i2-inch  cast  iron  pipe,  about  125  feet  long,  passes  through 
the  embankment  from  a concrete  headwall  at  the  upstream  end 
to  a concrete  valve  box  on  the  downstream  end.  There  is  no 
upstream  control.  The  pipes  and  valves  in  the  valve  box  are 
covered  with  dirt.  From  the  arrangement  of  the  three  valve 
stems  protruding  through  the  dirt  and  from  other  available 
information,  it  appears  that  there  are  two  12-inch  valves  in 
series  on  the  blowoff  pipe.  This  pipe  discharges  into  a ditch 
a few  feet  beyond  the  valve  box.  From  a 12-lnch  by  12-inch  by 
12-inch  tee  between  the  two  valves,  a third  valve  and  a 12- 
lnch  water  main  formerly  delivered  water  to  a nearby  plant  of 
the  Bethlehem  Steel  Company.  The  inspection  party  was  informed 
that  the  steel  company  no  longer  uses  this  source  of  supply. 

I.  Spillway 

Type:  Uncontrolled,  broadcrested  weir. 

Length  of  weir:  18  feet. 

Crest  elevation:  about  537,  slightly  dipped. 

Upstream  channel:  Approach  channel  is  a paved  area  on  the  top 
and  upstream  slope  of  the  embankment  (see  sketch  on  Sheet  1 of 
Appendix  C).  The  paved  area  is  about  24  feet  long  and  20  feet 
wide.  At  the  edges,  it  is  warped  into  the  shape  of  the  dam 
embankment  on  either  side. 


Dovmstream  channel:  The  spillway  cuute  is  built  of  heavy, 
limestone  masonry  which  has  been  patched  with  concrete.  It  Is 
about  70  feet  long  and  18  feet  wide.  Starting  at  the  crest. 


there  Is  a two-foot  drop  (see  Appendix  A,  Plate  A-III),  a 24- 
foot-long  section  with  a IV  to  3H  slope,  an  8-foot-long 
section  with  a IV  to  12H  slope,  and  finally  an  8-foot  drop  to 
a plunge  pool.  Beyond  the  plunge  pool,  flow  is  delivered  to  a 
swampy,  sluggish  stream  which  is  kept  flowing  by  the  consider- 
able leakage  from  the  reservoir. 


Regulating  Outlets 


See  Section  1.3.H  above. 


i 


SECTION  2 - ENGINEERING  DATA 


2.1  DESIGN 


This  dam  was  constructed  In  about  1820  and  the  top  elevation  was 
raised  around  1868.  The  PennDER  files  did  not  contain  any  design  data 
or  construction  drawings.  The  checklist  of  engineering  data  Is  Included 
In  Appendix  B of  this  report. 

The  first  time  the  dam  and  Its  facilities  were  Inspected  by  PennDER 
was  on  January  22,  1915  by  F.  B.  McDowell,  Assistant  Engineer.  A report 
was  filed  and  submitted  by  Mr.  Seelye. 

2.2  CONSTRUCTION 

The  only  available  Information  Is  contained  in  the  above  mentioned 
report,  stating  that  at  that  time  no  construction  data  existed. 

Mr.  Seelye  states  that  the  foundation  consisted  of  firm  clay  and  that 
suitable  clay  was  available  In  the  neighborhood  of  the  dam.  The  original 
upstream  slope  was  unprotected,  but  the  slope  was  paved  with  brick  laid 
on  Its  edge  In  1884.  Brick  protection  started  about  4 feet  above  the 
toe  at  the  silt  line  and  continued  to  2.5  feet  below  the  top  of  the 
embankment.  The  downstream  slope  was  sodded  and  had  a slope  of  1.75H  to 
IV,  except  near  the  left  end  of  the  dam,  where  the  slope  was  flatter. 

The  spillway  crest  was  three  feet  below  the  top  of  the  dam.  The  12-inch 
pipeline  had  a masonry  bay  and  a wooden  gate  for  control.  This  gate 
was  abandoned  prior  to  1915  and  a downstream  valve  was  used  for  control. 

2.3  OPERATION 


Records  of  operation  do  not  exist.  The  reservoir  was  originally 
used  for  feeding  the  Union  Canal.  In  1880,  the  Lebanon  Water  Company 
acquired  the  dam  for  purposes  of  supplying  Industrial  water  to  the 
Lebanon  Furnace.  This  company  and  the  dam  were  acquired  by  Bethlehem 
Steel  Company,  who  discontinued  use  of  the  water  around  1976. 

2.4  EVALUATION 

A.  Availability 

The  available  engineering  data  was  obtained  from  PennDER.  The 
owner  of  the  dam  did  not  have  any  data  In  his  files. 


B.  Adequacy 


The  available  engineering  and  construction  data  Is  not  adequate 
to  evaluate  the  design  of  this  dam.  The  report  from  PennDER  dated 
January,  1915,  states  that  the  capacity  of  the  spillway  would  be  approxi- 
mately 250  cfs  which  was  considered  low  at  that  time.  The  crest  elevation 
of  the  dam  has  been  increased  since  that  date. 


■ C.  Operating  Records 

Formal  operating  records  were  not  available  for  examination. 


D.  Post  Construction  Changes 


The  crest  elevation  of  the  dam  was  increased  around  1868  and 
the  upstream  slope  was  paved  in  1880. 


The  approach  to  the  spillway  was  paved  and  last  repaired  in 
1973.  It  appears  that.  In  1928,  some  concrete  curbing  was  placed  at  the 
edges  of  the  dam  breast  near  the  spillway  and  at  a few  other  places  to 
raise  the  dam  to  Its  Intended  elevation. 
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SECTION  3 - VISUAL  INSPECTION 


3.1  FINDINGS 

A.  General 


The  general  appearance  of  Stovers  Dam  Is  poor.  The  top  of  the 
breast  Is  uneven  in  width  and  elevation  with  many  erosion  gullys.  The 
embankment  slopes  are  steep  and  according  to  local  residents  the  dam  was 
overtopped  by  several  Inches  In  1972  (Agnes).  The  dam  Is  owned  by  the 
City  of  Lebanon  and  Is  used  for  fishing.  The  visual  Inspection  check 
list  Is  contained  In  Appendix  A of  this  report.  Reproductions  of  photo- 
graphs taken  during  the  Inspection  are  In  Appendix  E.  Mr.  Ken  Barrlck 
represented  the  City  of  Lebanon,  Parks  Department,  during  the  Inspection. 

B.  Embankment 

The  embankment  Is  In  poor  condition,  due  mainly  to  poor  vertical 
alignment.  The  top  of  dam  was  designed  to  be  three  feet  above  the 
spillway.  The  actual  average  height  Is  at  present  4 feet  with  a low 
point  of  only  about  2.7  feet  above  the  spillway.  Refer  to  Appendix  A, 
Plates  A-I  and  A-II,  for  the  results  of  the  survey.  The  dam  breast  has 
a very  uneven  cross  section,  with  many  gullys  at  the  downstream  and 
( upstream  edges.  The  top  of  the  embankment  Is  used  by  many  fisherman  and 

there  Is  no  cover.  Pieces  of  concrete  curbing  are  at  several  places. 

The  upstream  embankment  slope  has  many  bulges,  probably  caused  by  dumping 
riprap  and  cementing  the  surface  against  erosion.  The  lake  was  drawn 
down  In  1972  and  the  city  representative  stated  that  the  upstream  slope 
Is  paved  with  brick  over  Its  full  surface. 

The  downstream  slope  Is  steep  (see  Plate  A-1,  Appendix  A)  and 
has  a considerable  amount  of  weed  and  shrub  growth.  The  downstream  toe 
Is  wet  and  swampy  west  of  the  valve  chamber.  The  slope  was  soft  up  to 
one  foot  above  the  toe.  Actual  seepage  discharge  could  not  be  detected. 

C.  Appurtenant  Structures 

A concrete  Intake  structure  Is  located  upstream  of  the  dam 
with  Its  top  surface  just  above  the  pool  level  at  the  time  of  Inspection. 
The  top  of  the  structure  Is  sealed  off.  When  the  reservoir  was  drawn 
do%m  In  1972,  a new  grating  was  Installed  over  the  Intake  opening  at  the 
bottom  of  the  tower.  A twelve-inch  pipe  runs  from  this  structure  to  a 
valve  chamber  near  the  downstream  toe.  One  valve  on  this  pipe  Is  oper- 
able and  was  partially  opened  during  the  Inspection.  The  same  pipe  has 
another  valve  upstream  In  the  same  valve  chamber  In  an  open  position. 
Another  pipeline  takes  off  of  the  12-lnch  line,  but  It  Is  not  known 
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where  this  pipe  leads  to.  It  could  possibly  feed  into  a line  which 
crosses  the  spillway  discharge  channel  and  leads  to  the  Lebanon  Plant  of 
Bethlehem  Steel  Corporation.  The  spillway,  located  in  the  left  abutment, 
has  a paved  approach  slab.  This  slab  was  poured  in  1973  to  cut  down 
seepage  through  the  spillway  weir.  The  abutment  walls  are  in  good 
condition.  The  spillway  discharge  channel  is  concrete  paved  with  stone 
walls  and  a plunge  pool  which  functions  as  the  energy  dissipator.  Some 
seepage  through  the  walls  is  occurring,  but  this  is  not  considered 
serious.  Access  to  the  valve  chamber,  in  case  of  emergency,  would  be 
from  the  cemetery  at  the  right  end  of  the  dam. 

The  representative  of  the  City  stated  that  the  reservoir  did 
not  top  the  embankment  during  the  tropical  storm  Agnes,  although  it  was 
within  inches.  The  only  overtopping  occurred  to  the  left  of  the  spill- 
way. Local  residents,  who  probably  observed  the  dam  on  a more  regular 
schedule,  stated  that  the  dam  actually  overtopped  a few  inches  during  a 
period  of  about  two  hours.  The  reservoir  pool  level  just  before  Agnes 
was  probably  about  10  to  15  feet  below  weir  crest  elevation. 

D.  Reservoir  Area 

The  imnediate  area  of  the  reservoir  is  flat  and  the  banks  are 
stable.  The  watershed  is  mostly  farmland  with  some  house  developments. 
It  is  estimated  that  about  2-feet  of  sedimentation  has  occurred  in  the 
reservoir.  At  present  the  sedimentation  problem  is  reduced  due  to 
better  farming  methods. 

E.  Downstream  Channel 


The  spillway  discharges  into  a narrow,  relatively  shallow 
creek  which  makes  a sharp  turn  just  below  the  plunge  pool.  The  creek 
runs  parallel  to  the  dam,  along  a cemetery.  About  four  houses  are 
located  close  to  the  stream  before  it  joins  with  Little  Brandywine 
Creek.  If  the  dam  would  fail  due  to  overtopping,  the  floodwave  would 
cross  the  creek,  run  across  a baseball  field  and  could  increase  the 
hazard  to  loss  of  life  at  a development  immediately  south  of  the  dam. 
The  hazard  category  of  this  dam  is  considered  to  be  "High". 


EVALUATION 


The  visual  inspection  of  this  dam  indicates  that  the  dam  breast  is 
narrow  and  irregular  in  width  and  has  a very  poor  vertical  alignment. 
Steps  should  be  taken  to  raise  the  dam  to  its  required  height  (see 
Section  5)  and  the  embankment  slopes  should  be  cleared  of  brush.  The 
top  of  the  dam  is  narrow  and  without  a protective  cover. 


u 

SECTION  4 - OPERATIONAL  PROCEDURES 


4.1  PROCEDURE 

The  reservoir  and  dam  were  bought  by  the  City  of  Lebanon  to  serve 
as  a recreational  facility,  mostly  fishing.  There  are  no  specific 
procedures  to  operate  the  reservoir  and  all  Inflow  is  discharged  over 
the  spillway. 

4.2  MAINTENANCE  OF  DAM 

Very  little  maintenance  has  been  done  on  the  embankment. 

4.3  MAINTENANCE  OF  OPERATIONAL  FACILITIES 

No  maintenance  of  the  facilities  has  occurred  since  the  approach  to 
the  spillway  was  paved.  There  is  no  procedure  to  open  the  drawdown 
valve  or  to  grease  the  valve  on  a regular  basis. 

4.4  WARNING  SYSTEM 


(. 


There  is  no  formal  surveillance  or  warning  system  in  existence. 
During  tropical  storm  Agnes  the  city  representatives  visited  the  site 
several  times,  but  the  critical  condition  of  the  dam  requires  a constant 
surveillance  during  periods  of  high  pool  levels. 

4.5  EVALUATION 


Operational  procedures  are  very  limited  at  present  and  should  be 
expanded.  A formal  surveillance  and  downstream  warning  system  should  be 
implemented. 


7J 
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SECTION  5 - HYDROLOGY/HYDRAULICS 


5.1  EVALUATION  OF  FEATURES 

A.  Design  Data 

The  hydrologic  and  hydraulic  analysis  available  from  PennDER 
for  Stovers  Lake  Dam  was  not  very  extensive.  No  area-capacity  curve, 
frequency  curve,  unit  hydrograph,  design  storm,  design  flood  hydrograph, 
nor  flood  routings  were  available. 

A seven-page  report  prepared  In  1915  listed  the  distance  from 
the  spillway  crest  to  the  top  of  the  dam  as  3 feet,  and  reported  the 
spillway  capacity  as  250  cfs. 

B.  Experience  Data 

There  were  no  records  available  for  past  floods,  but  a local 
resident  recalled  that  the  flood  of  June  22,  1972,  raised  the  pool  level 
to  within  a few  Inches  of  the  top  of  the  spillway  wall.  He  also  recalled 
that  water  flowed  over  the  top  of  the  embankment  at  many  places  and 
continued  to  do  so  for  about  two  hours. 

C.  Visual  Observations 


I 

I 

I 

I 

I 

I 

I 
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On  the  date  of  the  Inspection,  no  conditions  were  observed 
that  would  Indicate  that  the  appurtenant  structures  of  the  dam  could  not 
operate  satisfactorily  during  a flood  event,  until  the  dam  Is  overtopped. 

D.  Overtopping  Potential 

Stovers  Dam  has  a total  storage  capacity  of  282  acre-feet  and 
an  overall  height  of  25  feet  above  streambed.  These  dimensions  Indicate 
a size  classification  of  "Small".  The  hazard  classification  Is  "High" 
(see  Section  3.1.E). 

The  recommended  Spillway  Design  Flood  (SDF)  for  a dam  having 
the  above  classifications  Is  one-half  the  Probable  Maximum  Flood  (PMF) 
to  the  PMF.  For  this  dam,  the  PMF  peak  Inflow  Is  3,230  cfs  (see  Appendix 
C for  HEC-1  Inflow  computations). 

Comparison  of  the  estimated  PMF  peak  Inflow  of  3,230  cfs  with 
the  estimated  spillway  discharge  capacity  of  210  cfs  Indicates  that  a 
potential  for  overtopping  of  the  Stovers  Dam  exists. 


An  estimate  of  the  storage  effect  of  the  reservoir  and  routing 
of  the  computed  Inflow  hydrograph  through  the  reservoir  shows  that  this 


* 


dam  does  not  have  the  necessary  storage  available  to  pass  the  FMF  with- 
out overtopping.  The  spillway-reservoir  system  can  pass  a flood  event 
equal  to  IIZ  of  a PHF. 


TTF" 


If  the  low  area  In  the  top  of  the  dam  would  be  raised  to  the  ^ 

level  of  the  top  of  the  spillway  walls  (Elevation  542.3)  the  spillway- 

reservoir  system  will  still  only  be  able  to  pass  a flood  event  equal  to 

26Z  of  a PMF. 


E.  Dam  Break  Evaluation 


T 

1 

» 

t 

'( 
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The  calculations  to  determine  the  behavior  of  the  dam  In  the 
event  of  an  overtopping  and  a resulting  breaching  of  the  embankment 
Indicates  that  there  will  be  a substantial  increase  In  water  levels 
downstream  from  the  dam. 

Several  houses  are  located  about  750  feet  downstream  from  the 
dam.  On  the  basis  of  the  results  of  the  dam  break  analysis,  using  the 
U.S.  Army  Corps  of  Engineers  HEC-1  program,  the  water  surface  elevation 
In  the  vicinity  of  the  houses  would  be  about  514.7  when  the  water  surface 
In  the  reservoir  above  the  dam  Is  just  at  the  crest  elevation  (low 
point)  of  the  embankment  (no  overtopping).  Refer  to  Table  1,  Appendix 
C.  Since  this  dam  has  been  overtopped  by  the  flood  of  record,  and  since 
that  flood  did  not  cause  a breach.  It  is  estimated  that  a breach  would 
result  when  the  water  level  reaches  an  elevation  0.5  feet  higher  than 
the  flood  of  record.  It  Is  expected  that  30  percent  of  a PMF  would 
cause  the  water  level  In  the  lake  to  reach  an  elevation  that  would 
result  In  a breach.  Just  prior  to  failure  by  the  30  percent  PMF  flow, 
the  water  surface  elevation  downstream  would  be  about  515.8.  The 
Increase  due  to  overtopping  under  no  failure  condition  would  be  approxi- 
mately (515.8  - 514.7)  1.1  feet.  While  more  property  would  be  exposed 
to  flooding,  the  Increase  to  the  danger  of  loss  of  life  Is  not  considered 
significant.  With  failure,  however,  the  breaching  analysis  indicates  a 
rise  of  about  4.1  feet  above  the  flow  level  just  prior  to  breach  when 
considering  a 15  minute  time  to  complete  the  breach  and  about  a 1.8  feet 
rise  above  flow  level  just  prior  to  breach  when  considering  a 2 hour 
time  to  complete  the  breach.  The  Increase  In  hazard  to  loss  of  life  and 
property  damage  Is  reflected  not  only  In  the  Increase  in  depth  of  water 
of  4.1  feet  In  the  15  minute  breach  and  1.8  feet  In  the  2 hour  breach, 
but  more  significantly  In  the  shorter  time  to  reach  the  peak.  Less  time 
would  be  available  to  respond  to  the  flooding  under  the  breach  conditions. 


I 

d 


Being  an  earth  embankment,  it  Is  judged  that  the  breach  would 
be  completed  between  the  15  minute  and  the  2 hour  period.  The  numerical 
difference  of  water  levels  is  about  2.3  feet.  The  property  damage  would 
be  similar  with  either  time.  Again,  however,  the  time  factor  is  most 
significant  regarding  loss  of  life.  Calculations  Indicate  that  the 
water  depth  will  increase  at  a rate  of  about  4.1  feet  in  15  minutes 
under  the  15  minute  breach  condition. 
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On  the  basis  of  these  calculations,  it  is  concluded  that  the 
hazard  to  loss  of  life  and  property  damage  is  significantly  Increased 
when  the  dam  is  overtopped  as  compared  to  the  condition  Just  prior  to 
overtopping . 


Refer  to  Table  1,  Appendix  C,  for  comparison  of  flood  water 

levels. 


F.  Spillway  Adequacy 


s 


I 


I 


s 
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The  small  size  category  and  high  hazard  category.  In  accordance 
with  the  Corps  of  Engineers  criteria  and  guidelines.  Indicates  that  the 
Spillway  Design  Flood  (SDF)  for  this  dam  should  be  one-half  the  Probable 
Maximum  Flood  (PMF)  to  the  full  PMF. 

The  calculations  show  that  the  spillway  discharge  capacity  and 
reservoir  storage  capacity  combine  to  handle  IIZ  of  the  (PMF)  without 
overtopping  the  dam.  These  calculations  have  considered  the  existing 
low  point  along  the  embankment  crest. 

Being  an  earth  embankment  dam,  it  is  judged  that  a breach  is 
likely  to  develop  when  the  depth  of  flow  over  the  crest  is  0.5  foot  or 
greater  than  the  flood  of  record.  These  studies  also  indicate  that  the 
depth  of  flow  over  the  crest  of  the  embankment  due  to  one-half  PMF  is 
more  than  the  0.5  foot  criteria.  On  the  basis  of  this  information,  it 
is  Judged  that  a one-half  PMF  will  cause  overtopping  of  the  embankment 
and  will  most  likely  cause  a breach.  Therefore,  the  spillway  capacity 
Is  considered  to  be  seriously  inadequate. 

The  hydrologic  analysis  for  this  investigation  was  based  upon 
existing  conditions  of  the  watershed.  The  effects  of  future  develop- 
ment were  not  considered. 


( 
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SECTION  6 - STRUCTURAL  STABILITY 


6.1  EVALUATION  OF  STRUCTURAL  STABILITY 

A.  Visual  Observations 


1.  Eabantaiient 

The  poor  vertical  alignment  and  narrow  and  Irregular 
width  of  the  top  of  the  dam  gave  a poor  Impression  of  the  dam.  No 
sloughage  or  cracking  was  noticed,  but  many  gullys  were  In  existence  at 
the  top  of  the  dam.  The  downstream  slope  Is  steep,  and  seepage  was 
evident  at  the  toe.  The  dam  has  been  In  this  condition  for  over  100 
years  and  no  failures  have  been  reported,  even  though  the  dam  was  over- 
topped In  1972. 


2.  Appurtenant  Structures 

The  masonry  spillway  Is  In  reasonablly  good  condition. 

Some  water  Is  seeping  through  the  masonry  joints.  Indicating  that  the 
embankment  or  natural  ground  In  this  area  Is  somewhat  pervious. 

The  blowoff  valve  was  satisfactorily  operated  during  the 

Inspection. 

B.  Design  and  Construction  Data 

Records  of  design  or  construction  were  not  available  for 
review;  thus,  an  evaluation  of  stability  Is  not  feasible.  The  embank- 
ment slopes  appear  to  be  too  steep  for  present  good  engineering  practice. 
The  small  width  of  the  top  of  the  dam  and  the  lack  of  protection  In  this 
area  raises  a question  as  to  whether  this  embankment  could  again  with- 
stand any  overtopping. 

C.  Operating  Records 

Records  of  operation  were  not  available  for  review.  Persons 
living  close  to  the  dam  stated  that  the  dam  overtopped  during  Agnes  at 
some  of  Its  low  spots. 

D.  Post  Construction  Changes 

Reference  Is  made  to  Section  2.4.D  for  a discussion  of  changes 
made  to  the  dam.  The  Installation  of  curbs  along  some  parts  of  the 
embankment  to  Increase  the  height  Is  no  longer  effective. 


E.  Seismic  Stability 

This  dam  Is  located  In  Seismic  Zone  No.l  and  It  Is  considered 
that  the  static  stability  Is  sufficient  to  withstand  minor  earthquake 
Induced  dynamic  forces.  However,  no  calculations,  studies,  etc.,  were 
made  to  confirm  this  conclusion. 


SECTION  7 - ASSESSMENT  & RECOMMENDATIONS 


The  visual  Inspection,  the  review  of  available  Information, 
the  operational  history  and  the  hydraulic  calculations  for  this  report 
Indicate  that  this  dam  is  In  poor  condition.  The  downstream  dlope  is 
considered  to  be  steep,  although  no  signs  of  distress  were  noticed. 
Seepage  In  an  unknown  quantity  Is  occurring  through  the  spillway  walls 
and  the  right  (west)  end  of  the  embankment.  The  top  of  the  dam,  with 
Its  Irregular  and  narrow  width  and  gullies  Is  also  a point  of  concern. 


In  accordance  with  the  Corps  of  Engineers'  evaluation  guide- 
lines, the  combination  of  storage  and  spillway  capacity  is  sufficient  to 
pass  only  11  percent  of  the  Probable  Maximum  Flood  (PMF).  Overtopping 
of  the  dam  with  an  Inflow  of  30  percent  of  the  PMF  would  most  likely 
cause  a failure  of  the  dam.  Such  a failure  would  significantly  Increase 
the  hazard  to  loss  of  life  downstream.  The  spillway  Is,  therefore, 
considered  to  be  seriously  Inadequate. 


B.  Adequacy  of  Information 


The  available  data  Is  not  considered  sufficient  to  evaluate 
the  stability  of  the  embankment  or  to  assess  the  seriousness  of  the 
seepage. 


Because  of  the  inadequacy  of  the  spillway  of  this  dam  and  the 
uncertainties  regarding  the  seepage  conditions  and  the  stability  of  the 
embankment,  the  recommendations  presented  In  this  report  should  be 
Implemented  Innedlately. 


D.  Necessity  for  Additional  Studies 


The  results  of  this  Inspection  Indicate  the  need  for  addit- 
ional detailed  hydrologic,  hydraulic,  and  stability  studies  to  determine 
the  requirements  for  Improving  the  capacity  of  the  spillway  and  to 
evaluate  the  seepage  conditions  and  the  stability  of  the  embankment. 


7.2  RECOMMENDATIONS 


A.  Facilities 

The  following  reconnendatlons  are  presented  for  action  by  the 

owner: 

1.  That  a detailed  hydrologic  and  hydraulic  engineering 
Investigation  be  conducted  by  a qualified  professional 
engineer  to  determine  what  measures  can  be  taken  to 
Improve  the  capacity  of  the  spillway  and  to  evaluate  the 
slope  seepage  condition  and  the  stability  of  the  embank- 
ment. 

2.  That  the  crest  of  the  embankment  be  raised  immediately  to 
a uniform  elevation  as  the  Initial  step  to  the  overall 
improvements  to  the  dam. 

3.  That  a positive  method  of  closing  the  upstream  end  of  the 
outlet  pipe  be  established  for  use  in  an  emergency. 

B.  Operation  and  Maintenance  Procedures 

It  Is  recommended  that  the  owner  Initiate  the  following  pro- 
cedures: 


1.  A regular  maintenance  of  the  embankment  slopes  and  crest 
of  dam. 

2.  A twice  a year  schedule  of  greasing  and  operation  of  the 
drawdown  valves. 

3.  The  development  of  a formal  surveillance  and  downstream 
warning  system  to  be  used  during  periods  of  high  or 
prolonged  precipitation. 


o 


- 17  - 


CHECK  LIST 


( 

I 


r 


( 


PHASE  I - VISUAL  INSPECTION  REPORT 


PA  PER  K 38-5 

NAME  OF  DAM  Stovers 

TYPE  OF  DAM  Earthflll 

City  of  Lebanon  and 
LOCATION  North  Lebanon  TOWNSHIP  Lebanon  COUNTY,  PENNSYLVANIA 

INSPECTION  DATE  11/15/78  WEATHER  Sunny TEMPERATURE  50 's 

INSPECTORS;  H.  Jongsma  (Recorder)  OWNER'S  REPRESENTATIVE(s) : 


NDI  NO.  PA-00  600 

HAZARD  CATEGORY  High 


R.  Steacy 


A.  Bartlett 


Ken  Barrick  - City  of  Lebanon 
Parks  Department 


NORMAL  POOL  ELEVATION:  537.0 AT  TIME  OF  INSPECTION: 

BREAST  ELEVATION:  542.0 POOL  ELEVATION:  534.6 

SPILLWAY  ELEVATION:  537 TAILWATER  ELEVATION: 

MAXIMUM  RECORDED  POOL  ELEVATION:  Agnes  (14  inches  below  top  wall  at 

spillway.'  ' Overtopped  for  2 hours  1/2" 
GENERAL  COMMENTS:  over  dam. 

Bought  by  City  of  Lebanon  from  Bethlehem  Steel  Corporation  in  1976. 
During  Agnes  water  overtopped  east  abutment  and  caused  erosion. 
Spillway  approach  was  repaved. 

Lake  drained  in  1972. 

Upstream  is  paved  all  the  way  by  brick. 

Dam  was  closely  observed  during  Agnes  by  local  residents  and  city 
representatives . 


i 


i 


A-l 


B.  UNUSUAL  HOVEMENT 
BEYOND  TOE 


No  movement.  Toe  is  wet  and  swampy. 


C.  SLOUGHING  OR  EROSION  Upstream  slope  very  irregular.  Mostly  cemented, 
OF  EMBANKMENT  OR  Considerable  erosion  on  top  of  dam,  partially 
ABUTMENT  SLOPES  caused  by  foot  traffic. 

Erosion  gullys  on  downstream  breast  and  slopes. 


D.  ALIGNMENT  OF  CREST: 
HORIZONTAL: 
VERTICAL: 


E.  RIPRAP  FAILURES 


F.  JUNCTION  EMBANKMENT 
6 ABUTMENT  OR 
SPILLWAY 


G.  SEEPAGE 


West  abutment  junction  o.k.,  although  a low 
spot  25  feet  away  from  abutment.  East 
abutment  ties  Into  road. 


Toe  Is  wet  over  most  of  Its  length  west  of 
valve  chamber.  Ground  Is  soft  up  to  one 
foot  above  toe.  Seepage  In  spillway. 


Upstream  - some  cemented,  some  concrete  walls, 
some  sloughage. 

Breast  - no  cover. 


NOI  NO.  PA 


VISUAL  INSPECTION 
OUTLET  WORKS 


OBSERVATIONS  MO  REMARKS 


INTAKE  STRUCTURE 


Flat  concrete  tower.  No  entrance,  sealed  off. 
Steel  grating  Installed  over  Intake  in  1973. 


B.  OUTLET  STRUCTURE 


Valve  house  with  12-inch  pipe. 


C.  OUTLET  CHANNEL 


Narrow  and  full  of  weeds. 


In  valve  house  one  operable  valve  and  2 non-operable 
gate  valves. 


E.  EMERGENCY  GATE 


12-lnch  valve,  partially  opened  during  inspection. 


ION  & 
CONTROL 


Seldom  opened,  last  in  1972  to  drain  lake  and 
1974  and  1976  for  fish  management. 


NO  I NO.  PA-OO  600 


VISUAL  INSPECTION 

Spillway 


Concrete  approach,  dipped  In  center. 


B.  WEIR: 

Crest  Condition  Broadcrested  weir  with  a two  foot  drop. 

Cracks  Seeping  through  this  drop. 

Deterioration  Walls  and  weir  la  reasonablely  good  condition. 

Foundation 

Abutments 


ISCHARGE  CHANNEL: 
l>ining  Concrete  slab  and  stone  walls  in  good  condition. 

Cracks 

Stilling  Basin  Stone  walls,  water  seeping  through  drop  section. 


visual  inspection 


1 1 OBSERVATIONS  AND  REMARKS  I 

INSTRUMENTATION 

None. 

Monumentation 

Observation  Wells 

None. 

Weirs 

None. 

Piezometers 

None. 

Staff  Gauge 

None. 

Other 

None. 

RESERVOIR 

Mostly  flat. 

Slopes 

Sedimentation 

Good  bit  of  sedimentation  at  bottom,  about  2 feet 
deep.  Less  sedimentation  at  present  by  controlled 

Watershed 

Description 

Agriculture  and  some  housing  developments. 

DOWNSTREAM  CHANNEL 

Open  flat  terrain;  baseball  park,  cemetery, 
houses. 

Cond i t ion 

Slopes 

Grassed,  developed. 

Approximate 

Population 

20 

No.  Homes 

4 to  5 houses  before  joining  Little  Brandywine 
Creek. 
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STOVERS  DAM 
PA.  600 

INSPECTION  SURVEY 


PLATE  A-I 


PA.  600 

INSPECTION  SURVEY 
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PLATE  A-n 


Surveyed  n/^O/ 


SpiUv/ay  -Masonry  Walls  mfh 
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STOVERS  DAM 
PA.  600 

INSPECTION  SURVEY 


PLATE  A-m 
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PROFILE  OF  SPILLWAY  (L 


PA  DER  # 38-5 


CHECK  LIST 
ENGINEERING  DATA 


NAME  OF  DAM  Stovers  Dam 


NDI  NO.  PA 


AS-BUILT  DRAWINGS 


REGIONAL  VICINITY  MAP 


U.S.G.S.  Quadrangle  Lebanon 
See  Plate  II,  Appendix  F 


CONSTRUCTION  HISTORY  Constructed  around  1820,  raised  in  1868. 


GENERAL  PLAN  OF  DAM 


TYPICAL  SECTIONS 
OF  DAM 


OUTLETS: 

PLAN 
DETAILS 
CONSTRAINTS 
DISCHARGE  RATINGS 


ITEM 


REMARKS 


RAINFALL  £ 

RESERVOIR  RECORDS 

None,  except  that  5.1  inch  of  rain  fell  in  one 
hour  tn  Lebanon  on  July  10,  1914  and  overtopped 
a low  area  near  the  spillway. 

DESIGN  REPORTS 

None. 

GEOLOGY  REPORTS 

None. 

DESIGN  COMPUTATIONS: 
HYDROLOGY  & 

HYDRAULICS 

DAM  STABILITY 

SEEPAGE  STUDIES 

None. 

MATERIALS  INVESTIGATIONS: 
BORING  RECORDS 
LABORATORY 

FIELD 

None. 

POST  CONSTRUCTION 

SURVEYS  OF  DAM 

None. 

BORROW  SOURCES 

Unknown. 

NDI  NO.  PA>00  600 


ENGINEERING  DATA 


ITEM 

REMARKS 

MONITORING  SYSTEMS 

None. 

MODIFICATIONS 

Raised  around  1868. 

Walls  built  on  crest  around  1927  to  contain  fill 
and  raise  dam. 

HIGH  POOL  RECORDS 

Overtopped  at  low  spot  near  spillway  in  1914. 
Overtopped  at  several  places  during  Agnes  (1972). 

POST  CONSTRUCTION 
ENGINEERING  STUDIES 
& REPORTS 

None,  except  inspection  reports. 

PRIOR  ACCIDENTS  OR 
FAILURE  OF  DAM 

Descript  ion: 

Overtopped,  see  above.  No  reports. 

Reports: 

MAINTENANCE  & 

OPERATION  RECORDS 

None. 

SPILLWAY  PLAN,  SECTIONS 
AND  DETAILS 

None. 

NDI  NO.  PA-00  600 


ENGINEERING  DATA 


REMARKS 


OPERATING  EQUIPMENT, 
PLANS  6 DETAILS 


No  plans  or  details.  Valve  pit  downstream  with 
12-lnch  pipe  and  valve. 


CONSTRUCTION  RECORDS  None. 


PRFVmii*;  iNRPFfTinN  Inspection  reports  indicate  leakage  at  toe  and 

PREVIOUS  INSPECTION  ^ spring  in  right  abutment  since  1915. 

REPORTS  & DEFICIENCIES  grugh  and  tree  growth  on  downstream  slope. 

Uneven  breast  since  1920. 


MISCELLANEOUS 


Some  photographs  since  1915. 


APPENDIX  C 


HYDROLOGY  AND  HYDRAULIC  CALCULATIONS 


APPENDIX  C 


SUMMARY  DESCRIPTION 
OF 

FLOOD  HYDROGRAPH  PACKAGE  (HEC-1) 
DAM  SAFETY  VERSION 


The  hydrologic  and  hydraulic  evaluation  for  this  inspection  report 
has  eaployed  coaputer  techniques  using  the  Corps  of  Engineers  coaputer 
prograa  identified  as  the  Flood  Hydrograph  Package  (HEC-1)  Daa  Safety 
Version. 

The  prograa  has  been  designed  to  enable  the  user  to  per fora  two 
basic  types  of  hydrologic  analyses:  (1)  the  evaluation  of  the  over- 
topping potential  of  the  daa,  and  (2)  the  capability  to  estiaate  the 
dovnstreaa  hydrologic-hydraulic  consequences  resulting  froa  assuaed 
structural  failures  of  the  daa.  A brief  sumaary  of  the  coaputation 
procedures  typically  used  in  the  daa  overtopping  analysis  is  shown 
below. 

Developaent  of  an  inflow  hydrograph  to  the  reservoir. 

- Routing  of  the  inflow  hydrograph (s)  through  the  reservoir  to 
deteralne  if  the  event (s)  analyzed  would  overtop  the  uaa. 

Routing  of  the  outflow  hydrograph(s)  of  the  reservoir  to 
desired  downstreaa  locations.  The  results  provide  the  peak 
discharge,  tlae  of  the  peak  discharge  and  aaxlmua  stage  of 
each  routed  hydrograph  at  the  outlet  of  the  reach. 

The  output  data  provided  by  this  prograa  peralts  the  coaparison  of 
downstreaa  conditions  just  prior  to  a breach  failure  with  that  after  a 
breach  failure  and  the  determination  as  to  whether  or  not  there  is  a 
significant  Increase  in  the  hazard  to  loss  of  life  as  a result  of  such  a 
failure. 

The  results  of  the  studies  conducted  for  this  report  are  presented 
in  Section  5. 

For  detailed  information  regarding  this  program  refer  to  the  Users 
Manual  for  the  Flood  Hydrograph  Package  (HEC-1)  Dam  Safety  Version 
prepared  by  the  Hydrologic  Engineering  Center,  U.  S.  Army  Corps  of 
Engineers,  Davis,  California. 
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0. 

-1828. 

-2. 

* ‘ I • • 

42.760 

*260 

63/2* 

6482* 

-110.- 

=1938.— 

^'*■^2.  • 

42.770 

.270 

6476. 

6695. 

-218. 

-2156. 

-2. 

.'  i'. 

42.780 

.280 

6580. . 

6904. 

-323. 

-2480. 

-2. 

*«'■  . 

• 

42.790 

.290 

6694* 

/l05* 

■ -421.' 

=2901.- 

-2. 

• t . . ^ * 

42.800 

.300 

6788. 

7298. 

-510. 

-3410. 

-3.  . 

’ * 1 

42.810 

.310 

6892. 

7481. 

-589. 

-3999. 

-3. 

• • XT''  . 

42.820 

— ^.320“ 

6997. 

7654. 

•658* 

=4657.- 

• 42.830 

.330 

< 7101. 

7822. 

-722. 

• -5378. 

-4. 

. ■ 

42.840 

.340 

■ • 7205. 

7978. 

-774. 

-6152. 

-5. 

. 

-*  I . " 

— ^ 7309.'** 

8128. 

—-819.* 

-6971.“" 

•6* 

. 42.860 

.360 

7413. 

8265. 

-853. 

-7823. 

-6. 

■■ ' Vt  . 

42.870 

.370 

7517. 

8391. 

-874. 

-8697. 

-7. 

*?v  ' 

42.uyo 

• JtjO 

7621. 

8500. 

— ■-879." 

^-9576." 

-U. 

- 1 : 

42.890 

.390 

7725. 

8596. 

-871. 

-10447. 

-9. 

42.900 

.400 

7829. 

8673. 

-845. 

-11292. 

-9. 

' . 

42.910 

.410 

7933. 

'8745. 

-812.' 

-12103." 

-10. 

i 

Q 

42.920 

.420 

8037. 

8805. 

-768. 

-12871. 

-11. 

1 '• 

) 

42.930 

.430 

8141. 

8854. 

-713. 

-13583. 

-11. 

. .1..’  i- 

42.940 

•440 

8245. 

8891. 

— -646.- 

— -14229.- 

-12. 

42.950 

.450 

8349. 

8917. 

-568. 

-14798. 

-12. 

42.960 

.460 

8453. 

8932. 

-478. 

-15276. 

-13. 

• '*■'  ■ 

. ,4 

42.970 

“470“ 

' 8557. 

8934.  ■ ■ 

-377. 

-15653." 

-13. 

42.980 

.480 

SAAli 

_ .._892S._ 

_ -263. 

. ^5916. 

-13 

1 • . . . _ 

(0)  INTERPOLATED  BREACH  HYDR06RAPH 
(B)  COMPUTED  BREACH  HYDROGRAPH 


A2.S8  9. 

t 

• 

OB  < 

42«S9 

ITHFDAH  BREACH  HYDROGRAPH  HAS  DEVELOPED  USING  A TIME  IHTERWAL  OF". 021  HOURS  DURIHGIREACH  FORHATIOH.' 
DOHNSTREAN  CALCULATIONS  HILL  USE  A TIHE  INTERVAL  OF  .250  HOURS. 

THIS  TABLE  COHPARES  THE  HYDROGRAPH  FOR  DOHNSTREAN  CALCULATIONS  HITH  THE  COMPUTED  BREACH  HYDROGRAPH. 
IMTEWEDIATTFLOHS  ARE  INTERP(UTED  FROM  EMT-OF-PERIOD  VALUES. " — T 


TIME  FROM  INTERPOLATED 
“TIME  BEGINNING  BREACH  - 

OF  BREACH  . HYDROGRAPH 
IHOURS)  (HOURS)  (CFS) 


COMPUTED 
■■  BREACH  ■ 
HYDROGRAPH 
(CFS) 


ERROR  “ACCUMULATED  ACCUMULATED' 
ERROR  ■ ERROR 
(CFS)  (CFS)  (AC-FT) 


7 (OnUTERPOLATED  BREACH  HYDROGRl 
' (I)  COMPUTED  BREACH  HYDROGRAPH 
500. 1000.  1500.  2000.  2500.  3000. 


— DAH  BREACH  DATA 

Z ELBH  TFAIL  USEL  FAILa 

1.00  520,00  2.00  537.00  541. PO 


~7”PEAiniinaoins — 3i9ir*rnic“43.42  hows 


ITHE  DM  BREACH  HYDROGRAPH  HAS  DEVaOPEO  USING  A TINE  INTERVAL  OF  .042  HOURS  DURING  BREACH  FORMATION. 

DOHNSTREAirCAlCULATIONS  HILL  USE  A TINE  INTERVAL  OF ~ . 250  HOURS. 

THIS  TABLE  CONPARES  THE  HYDROGRAPH  FOR  DOHNSTREM  CALCULATIONS  HITH  THE  COMPUTED  BREACH  HYDROGRAPH. 

' INTERNE0IA1E  FLOHS  ARE  INTERPOLATED  FROM  END-OF-PERIOD  VALUES. 


TIME  FROM  INTERPOLATED  COMPUTED 
TINE  BEGINNING  BREACH  - BREACH 
■ OF  BREACH  “HYDROGRAPH  HYDROGRAPH^ 
(HOURS)  (HOURS)  (CFS)  (CFS) 


ERROR  ACCUMULATED  ACCUMULATED 
ERROR"' -7“  LKKUR 
(CFS)  (CFS)  (AC-FT> 


(0)  INTERPOLATED  BREACH  HYDROORAPH 

(1)  COHPUTED  BREACH  HYBRDGRAPH"" 


•AH  BACACN  DATA 

' l~  aBH  " TFAIL  “ ■ IBa“FAILEL 

1.M  520.00  4.00  517.00  541.90 


ITHE  OAH  BREACH  HYDROGRAPN  UAS  DEVELOPED  USING  A TINE  INTERVAL  OF 
DOUNSTREAN  CALCULATIONS  UILL  USE  A TINE.  INTERVAL  OF  .250  HOURS 
“THIS  TABLE  COHPARES  THE  HYDROGRAPH  FOR  DOHNSTREAH  CALCULATIONS  HITH  THE  CONFUTED  BREACH  HYDROGRAPH, 
INTERHEDIATE  FLOUS  ARE  INTERPOLATED  FROM  END-OF-PERIOO  VALUES. 


083  HOURS  DURING  BREACH  FORNATION. 


'COHPUTED~ 

BREACH  s ERROR  ACCUHULATED  ACCUHULATED 
HYDROGRAPH  ERROR  ERROR 


(CFS) 

“(CFS) 

"(CFS) 

(AC-FD 

t 

641. 

0. 

0. 

0. 

14/1. 

“iSVl  • 

-'391, 

‘ ■ V . ■ 

1518. 

-198. 

-589. 

-4,  . 

1559. 

0, 

-589. 

-4, 

1604. 

11. 

. -578. 

1670, 

0. 

-578. 

1725.  ' 

0. 

-578. 

-4. 

— 1, 

1. 

0. 

'1. 

1. 

0. 

46,083  - 

" 3.583  “ 

610. 

608. 

2 

46.  Uf 

3.669 

898. 

873. 

9 

(0)  INTERPOLATED  BREACH  HYDROGRAPH 
_ (B)  COMPUTED  BREACH  HYDROGRAPH 
800.  - 1000.'  1200.  1400.  ~ 'l 


43.50  13 
43.58  14 


43.75  16, 
43.83  17 


45.00  31, 
45.08  32 


45.25  34 
45.33  35 


■45.42'36, 


45.50  37, 
45.58  38 


45.67^9 


46.08  44 


44.17'45 


43.00  7. 
43.08  8. 

1 

. • 

» 

t 

• 

« 

• 

. i 

» 

. 

B. 

• 

» 

* 

» 

/B  ' 

n 

43.33  11. 

t 

• 

» 

* 

5 

44.00  19 
44.08  20 

4t.‘ir2r 
44.25  22 
44.33  23 

/ 

■44.42'24 
44.50  25 
44.58  26 

44.67  27 
44.7:)  28 
44.83  29 

{ 

umifiii 


ttmtftTi 


immiu 
HYOROCRAPN  ROUTING 


tmtmtt 


mtmm 


• 

REACH  2 

' - 3 

\ 

ISTAO 

ICOHP 

lECON 

ITAPE 

JPLT 

JPRT 

i 

1 

O' 

- -0 

- 0 

0 

• 

ALL  PLANS  HAVE  SANE 

" ROUTING  DATA  ' “■ 

GLOSS  CLOSS 

AUG 

IRES 

ISANE 

lOPT 

IPHP 

0.0  0.000 

0.00 

1 

I 

0 

0 

* '*•  V ... 

A 

• • 

' * ♦ *’ 

1 

NSTPS 

NSTDL 

LAG 

ANSKK 

X 

TSK 

1 

0 

0 

0.000 

0.000 

0.000 

'HORHAL'DEPTH'  CHANNa'ROUTING" 


QN(1)  QN(2)  QN(3)  ELNVT  ELHAX  RLNTH  SEL 

.0400  .0400  .0400  SIS.O  S40.0  350.  .00400 


ROSS  SECTION  C00RDINATES--STA.ELEU.STA.aEV-ETC  “ 

0.00  530.00  200.00  520.00  800.00  517.00  801.00  515.00  610.00  515.00 
811.00  517.00  880.00  520.00  1050.00  540.00 


HAXIHUN  STAGE  IS 


' HAXINUH  STAGE  IS  522.2 

"7';yTIMIHUH'STAGriS 521.4“ 

NAXIHUN  STAGE  IS  520.4 

HAXIHUK  STAGE  IS  520.0 

IIAXIflWl  STAGTIS 519.4' 

mmtm 


I 


• » 

1 


STORAGE 

0. 

. 0. 

1. 

■ 4, 

10. 

17. 

25. 

< 34. 

42. 

. 51. 

41. 

71. 

81. 

91. 

102. 

112. 

123. 

134. 

144. 

■'  154. 

OUTFLOW 

0. 

38. 

143. 

1052. 

3708. 

8875. 

15851. 

. 24515.  ‘ 

34807. 

44494. 

40149. 

75224. 

92802. 

112437. 

134083. 

157108. 

181485. 

207790. 

235404. 

244511- 

i'  STAGE 

515.0 

514.3 

517.4 

518,9 

520.3 

521.4 

522.9 

524.2 

525.5 

524.' 

528.2 

529.5 

530.8 

532.1 

533.4 

534.7 

534.1 

537.4 

538.7 

. •540.< 

FLOH 

0. 

38. 

143. 

1052. 

3708. 

8875. 

15851. 

24515. 

34807. 

44494. 

40149. 

75224. 

92802. 

112437. 

134083. 

157108. 

181485. 

207790. 

235404. 

244511. 

■»  ■>« 


tttttmti 


HYDROGRAPH  ROUTING 


mmtm 


mmtm 


REACH  3 - 4 

“ISTAa~IC0«P“IEC0N  “ITAPE  — JPLT  ~ JPRT  “INANE "ISTAGE — lAUTO* 
4 1 0 0 0 0 0 0 0 


NORMAL  DEPTH  CHANNEL  ROUTING 


CROSS  SECTION  COORDINATES-STAiELEMiSTAfELEV-ETC 

0.00  S30.00  250.00  520.00  830.00  514.00  831.00  512.00  840.00  512.00 
“^41.00~5I4.00"  900.00~520.00'1100.00  "540.00 : 


247769. 287225.T~329228.  373754 


247769, 287225; 329228.  ~37J/b4 


IIAXINR|-8TA6ri8 


tmmm 


mmmt 


ttmum 


mmtttt  tmmm  tmmm  tmmm  ttmttttt 

■ . • 

HYDROGRAPH  ROUTING  

REACH  3 - 4 

1 ■ • 

ISTAQ~IC0HP— lECOH  ITAPE  JPLT — JPRT—IHAKE~I8TAGE — lAUTO' 
■4  1 0 0 0.  00  .0.0 

=*JJ=s — :3-, A^..  Di  ^ 

ROUTING  DATA 

QLOSS  CLOSS  AUG  IRES  ISANE  lOPT  IPNP  LSTR 

- • ' .l  • • 

1 

i , 

0,0  0,000  0,00  1 1 0 0 "0 

NSTPS  NSTDL  LAG  ANSKK  X TSK  STORA  ISPRAT 

/ «•  • * 

1 0 0 0,000  0,000  0,000  0,  0 ' 

ttimmt 


mtmm 


mtmm 


mmtm 


'‘//T  1 


.'1  ' 


PE«  aw  MtD  STOMBE  (END  OF  aRIOD)  SUflHARY  FOR  JWLTiaE  aAW-RATIO  ECONOMIC  COWWATIORS" 
FLOUS  IN  CUBIC  FEET  afi  SECOND  (CUBIC  METERS  PER  SECOND}  .. 

AREA  IN  SQUARE  MILES  (SQUARE  KILOMETERS) 


• ■ 

• ^ 

RATIOS  APPLIED  TO  FLOUS 

i 

i 

^ • ■, 

OPERATION  STATION 

Area 

PLAN  RATIO  1 “ ~ 

.30 

\ 

HYDRQ6RAPH  AT  1 

. ( 

1.10 

2.8S) 

1 968. 

( 27.42) ( 

■2  ’ 968.  "" - - - - 

( 27.42)( 

3 968. 

~ ( 27.42)(""  ■■  ■ 

4 968. 

( 27.42) ( 

♦ 

5 966 » 

( 27.42) ( 

ROUTED  TO  2 

( 

1.10 

2.8S) 

( 397.53) ( 

2 8869. 

O''' 

( 2S1.1S}( 

3 5204. 

( 147.37)( 

4 3158. 

( 89.43)( 

5 1983. 

0 

ROUTED  TO  3 

1.10 

( 56»I6)r  ' 

1 12276. 

( 

2*85) 

( 347.63m 

2 9240. 

( 261. 64) ( 

0-- 

_ 

3 5131 . 

( 145.31)( 

4 3211. 

T ■^..3Tr“ 

5 2011. 

( S6.94)( 

k 

Dr 

ROUTED  TO  A 

( 

1.10 

2.8S) 

1 11127. 

( 315.07) ( 

■ 2 9312.  

( 263.70) ( 

3 5159. 

( 1_ 

k 146.0V)( 

4 3211. 

( 90.91)( 

( SA.70)( 


1 


■ SUMMARY  OF  DAM  SAFETY  ANALYSIS  ' 


SUHMRr  OF  DM  SAFETY  ANALYSIS 


INITIAL  VALUE 
537,00 
21S. 


SPILLUAY  CREST TOP  OF  MH 

537,00  539.70 

215.  282. 


ELEVATION 

STORAGE 

OUTROB- 


RATIO  ■ HAXINUN  — NAXIHUN*  NAXINUH 
OF  RESERVOIR  BEPTH  STORAGE 
PNP  N.I.CLEV  OVER  BAN  AO-ET 


NAXINUH  - OURATION 

OUTElon  over  tOP 

CFS  HOURS 


INITIAL  VALUE 
537.00 


SPILLUAY  CREST  TOP  OF  BAN 
537.00  539.70 

215,  282,- 


ELEVATION 


STORAGE 


NAXINUH  NAXINUH  NAXINUH  DURATION  TIKE  OF  TINE  OF 
DEPTH  STORAGE  OUTFLOH  OVER  TOP  NAX  OUTROH  FAILURE 
JVERDAN  AC-FT  CFS  HOURS HOURS HOURS' 


INITIAL  VALUE  SPILLUAY  CREST  TOP  OF  DAN 

—'  537.00  537,00  539.70  ' 

215.  215.  782, 


ELEVATION 

STORAGE 

OUTROH 


RATIO  NAXINUH  NAXINUH  NAXINUH 

OF  RESERVOIR  DEPTH  ' - STORAGE 

PNF  H.S.ELEV  OVER  DAN  AC-FT 


NAXINUH  DURATION 

OUTFLOH  '"  OVER  TOP 
CFS  HOURS 


TINE  OF  TINE  OF 
NAX  OUTFLOH  “FAILURE 
HOURS  HOURS 


INITIAL  VALUE 
537.00 
215. 


SPILLUAY  CREST—  TOP  OF  DAN 
537.00  539.70 

215.  282. 


ELEVATION 

STORAGE 

OUTFLOH' 


RATIO  "■  NAXINUH  NAXIHUH''  NAXINUH  NAXINUH  DURATION 
OF  RESERVOIR  DEPTH  STORAGE  OUTFLOH  OVER  TOP 
PNF  H.S.ELEV  OVER  DAN  AC-FT  CFS  HOURS 


“ TINE  OF TINE  OF 

NAX  OUTFLOH  FAILURE 
NOWS  ''  ’HOURS 


INITIAL  VALUE  SPILLUAY  CREST  TOP  OF  DAN 

537.00  537.00  539.70 

iW, — 215.  - ■ 2IJ,- 


ELEVATION 


OF  KESERVOIR  DEPTH  STORAGE  OUTFLOU  OVER  TOP  MAX  OUTFUM^  FAILURE  WA 
PHF  H.S.aEV  OVER  DAN  • AC-FT  CFS  HOURS  HOURS HOURS  ‘C 


INITIAL  VALUE 
537.00 
215.'“ 


SPILLHAY  CREST  TOP  OF  DAN 
537.00  537.70 


ELEVATION 

STORAGE" 

OUTFLOH 


RATIO  HAXINUN  HAXINUN  NAXINUN  NAXIHUN  DURATION  TINE  OF 
OF  RESERVOIR  DEPTH  STiHiAGE  OUTaOli  OVER  TOP  HAX  OUTFLOH 
“PNF~~H.S.ELEV — OVER  DAN AC-FT  CFS HOURS  HOURS~ 


HAXINUN  NAXINUN  TINE 
RATIO  aOHiCFS  STAGEiH  MHJRS 


aAN  2 STATION  3 


NAXINUN  NAXINUN — TINE 

RATIO  aOHiCFS  STAGEfFT  HOURS 


PLAN-3 STATION 3 


NAXINUN  NAXINUN  TINE 
RATIO  FLOHfCFS  STAGEiFT” ' HOURS 


PLAN  A STATION  3 


NAXINUN  NAXIHUN  TINE 

RATIO  FLOHfCFS  STAGEfFT  HOURS 


• " ‘“•'HAXINUN^'*'  NAXINUN TINI 
RATIO  FLOHfCFS  STAGEfFT  HOURS 


MH  SAFETY  WERSION-^JUin 


•Al'““STOVERS  OA«  ~tttl~  BRANCH  OF  BRANDYOINE  CREEK 
A2  ' NORTH  LEBANON  TNP.i  LEBANON  COUNTYt  PA. 


# % t 

OVBR  TOPPi  NG  ANA 


A3  NBI  * PA-OOAOO  PA  BER  t 38-5 


INFLOU  HYBR06RAPH 


p • 

■ 12  ■■  ■ 

T 

■ - , ij . 

■“ — H~2.47 

»ES04.75 
$♦  537 


RESERVOIR  ROUTING 
1 

~31.2  51.4“ 


REACH  2-3 


OF  SEQUENCE  OF  STREAH  NETHORK  CALCULATIONS 

RUNOFF  HYBROGRAPH  AT 

1 

ROUTE  HYBROGRAPH  TO 

2 

ROUTE  HYBROGRAPH  TO 

3 

ROUTE  HYBROGRAPH  TO 

4 

STOVERS  BAN 


mt  BRANCH  OF  BRANBYHINE 


itmmtttmmiiimtitititm 

aOOB  HYBROGRAPH  PACKAGE  (HEC-1) 
“BAH  SAFEH  VERSION  “ JULY  1978' 
LAST  HOBIFICATION  21  AUG  78 

tmummumnmmnnm 


RUN  BATE!  79/01/03. 
TIHEt  09.36.37. 


'STOVERS  DAH  ' tttt  BRANCH  OF  BRANDYWINE' CRED(' 
NORTH  LEBANON  THPn  LEBANON  COUNTTi  PAi 
NDl  t PA-OOMO  PA  DER  « 38-5 


RTIOSs  1.04 


MULTI-PLAN  ANALYSES  TO  BE  PERFORMED 

NPLAN=  THRTI0a'9  LRTIO=  1 

.75  .50  'V  *25  .15  .10  .07 


•05  ' .02 


mtmttt 


mmnn 


tmmm 


tmmm 


SUB-AREA  RUNOFF  COMPUTATION 


INFLOW  HYDROfiRAPH  ‘ 

ISTAO  ICOMP  lECOM  ITAPE  JPLT  JPRT  INANE  ISTAGE  lAUTO 

1 0 0 0 0 0 1 0 0 


HYDROGRAPH  DATA 

IHYDG  lUHG  TAREA  SNAP  TRSBA  TRSPC  RATIO  ISNOW  ISAHE  LOCAL 
1 1 "1.10  0.00  1. 10 "■  0.00  “0.000  0 1 O' 


PRECIP  DATA 

SPFE—  PHS — R6-  R12-  R24"  RA8  " R72 — 896“ 

0.00  23.20  113.00  123.00  132.00  143.00  0.00  0.00 

TRSPC  COMPUTED  BY  THE  PROGRAM  IS  .800 


LOSS  DATA 

LROPT STRKR  DLTKR  RTIOL  ERAIN  STRKS  RTIOK  STRTL  CNSTL  ALSMX  RTINP 

0 0.00  0.00  1.00  0.00  0.00  1.00  “l.OO .05  — 0.00 — 0.00' 


UNIT  HYDROGRAPH  DATA 
P=~2.47  " CP='  .85  '■  HTA=“ 0 


RECESSION  DATA 

-1.50"  ORCSN=  * -.05  ~RTI0R=2.00 


UNIT  HYDROGRAPH  24  END-OF-PERIOD  ORDINATES*  LAG=  2.44  HOURS*  CP=  .82  VOL-  1,00 

11.  ■"40,  ' 74.  109,  141.  170.' ■*  197. 221.  — 238, — 

239.  228.  212.  190.  161.  120.  80.  54,  36. 

16.  11.  7.  5. 


0 END-OF-PERIOO  FLOW 

HO.IA  HR.m  PERIOD  RAIN  EXCS  LOSS  COMP  0 MO.DA  HR.MN  PERIOD  RAIN  EXCS  LOSS  COMP  0 


SUM  26.54  24.13  2.41  69096. 

f 674.)<  613.)(~61.)C1956,58r 


tmmm 


tmtmtt 


mmun 


tmmm 


ewss-ussssAbI 


NYDR06RAPH  ROUTING 


V; 


% mtiiitti  mtmm  tmtmu  nmmn  mtmm 

- HYDROGWPH  ROUTING  ' 

u 

RESERVOIR  ROUTING 

' ISTAO  “ICONP  ••  lECON  ITAPE  ' JPLT 

• 2 10  0 0 

ROUTING  DATA 

QL0SS~  CLOSS  AVG  - IRES  ~ ISANE  ' * lOPT 
% 0*0  OlOOO  OtOO  1 0 0 


• 

^ -'NSTPS"  NSTDL  “ LAG  AHSKK  ' X 

1 0 0 0.000  0.000 

TSK-  STORA"ISPRAT  ' 

0.000  215.  0 

A 

auKrRi«t  mUfi 

0.  20.  31.  SI. 

w 

CAPACITY- 

0.  215.  291.  700. 

• 

EUMTI0N> 

SOS.  S37.  S40.  SSO. 

IRtL  bPRID  coon-  EXPW  ELEVL  COOL  CAREA ' EXPL 
# S37.0  18.0  2.6  l.S  0.0  0.0  0.0  0.0 

• 

DAN  DATA 

TOPEL  COOO  EXPO 
S42.3  2.7  l.S 

DANUID 

322. 

i 

PEAK  ouraou  is 

3198.  AT  TINE  42.25  HOURS 

• 

PEAK  OUTFLOU  IS 

239S.  AT  TINE  42.2S  HOURS 

B 

PEAK  OUTFLOU  IS 

1S77.  AT  TINE  42.25  HOWS 

B 

PEAK  OUTFLOU  IS 

S45.  AT  TINE  43.50  HOWS 

1 

PEAK  ouraou  is 

314.  AT  TINE  43.50  HOWS 

# 

PEAK  OUTaOU  IS 

203.  AT  TINE  43.50  HOWS 

% 

• 

PEAK  OUTaOU  IS 

137.  AT  TINE  43.50  HOWS 

PEAK  OUraOH  IS 

94.  AT  TINE  43.75  HOWS 

• 

PEAK  OUTFLOU  IS 

32.  AT  TINE  44.00  HOWS 

1 

[# 

imimn  mmmr 

HYDROGRAPH  ROUTING 

mtmm  * umttm 

r 

JPRT INANE  ISTAGE'  IAUTO 

0 10  0 

IPHP  LSTR 

0 0 


HrOfiOeRAPH  ROUTING 


REIM3i  2-3 

ISTM  ICONP  lECON  ITAPE  JPLT  JPRT  INANE  ISTAGE  lAUTO 


ROUTING  DATA 

QLOSS  aOSS  AV6  IRES  ISAHE  lOPT  ' IPNP 
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TAXINUrSTAGEnS 517.6“ 


NAXIHUN  STAGE  IS  517.1 


■PEWraOy  AdD  storage  (end  of  period)  SUWHARY  for  RJJLTIPLE  PLAH-RATIO  ECONO«I(rCOMPUTATIO»»S 
aons  Id  CUBIC  FEET  PER  SECOND  (CUBIC  KETERS  PER  SECOND) 

AREA  IN  SQUARE  NILES  (SOUARE  KILONHERS) 


RATIOS  APPLIED  TO  FLOWS 

! l^nOd  STATIOir"  AREA  .PLAN "RATIO "1  RATIO' 2 RATIO' 3 RATIO' 4“RATI0"  5~RATI0‘~(i"RATI0~7~RATI0"8~RATI0~? 

..  ' .)»00  .75  .50  .25  .15  .10  • .07  , .05  ' .02 


TABLE  NO.l 


COMPARISON  OF  WATER  SURFACE  ELEVATIONS 
STOVERS  DAM 

PMF  » 3,230  cfs 

Crest  Elevation  - 542.3  Low  Point  - 539.7  Spillway  Elevation  - 537. 


STAGE 

CREST  OF 
ELEVATION 

DAM 

DEPTH 

750'  D/S  OF  DAM* 
APPROXIMATE  ELEVATION 

At  Low  Point  in 
Embankment  Crest 

539.7 

0 

514.7 

30%  PMF  Overtopping 
No  Breach 

541.93 

2.23 

515.8 

30%  PMF  Overtopping 
(15  Min.  Breach) 

541.9 

2.20 

519.9 

30%  PMF  Overtopping 
(2  Hour  Breach) 

541.9 

2.20 

517.6 

*Several  houses  located  about  750  feet  downstream  of  Stovers  Dam. 


Condition  C:  (Time  refers  to  elapsed  time  after  start  of  storm). 

Time  to  reach  breach  elevation  541.9  at  dam  = 42.5  Hours. 
Water  level  750'  downstream  at  42.5  Hours  « 515.8. 
Duration  of  breach  ••  15  Minutes. 

Time  for  Breach  to  peak  750'  downstream  ■ .25  Hours. 

Peak  elevation  750'  downstream  due  to  breach  > 519.9. 

Rate  of  increase  in  water  level  ■ 4.1'  in  15  Minutes. 


GEOLOGIC  REPORT 


Bedrock  - dam  and  Reservoir 

Formation  Name;  Martlnsburg  Formation. 

Lithology;  Medium  gray  to  dark  gray  shale,  weathers  to  light  gray 
or  light  tan.  Locally  Interbedded  with  argillaceous  sandstone, 
red  shale  and  thin  bedded  argillaceous  limestone.  No  limestone 
has  been  mapped  In  the  vicinity  of  the  dam,  but  outcrops  are  scarce 
and  no  boring  Information  Is  available. 


Structure 


The  beds  at  the  dam  are  In  the  lower  limb  of  the  Lebanon  Valley 
nappe,  a complex  fold  and  fault  structure.  The  bedding  generally 
dips  south  at  about  20®  to  30®,  but  Is  often  obscured  by  cleavage, 
especially  In  the  Martlnsburg  Formation.  Thrust  faulting  Is  common, 
and  one  fault  is  mapped  just  south  of  the  dam.  Air  photo  fracture 
traces  trend  N20°  to  30®E  and  N85®W. 


Overburden 


No  core  boring  information  is  available  for  this  dam,  which  was 
originally  built  in  1820.  The  overburden  in  this  area  consists  of 
weathered  shale,  which  is  commonly  10  to  30  feet  thick.  Alluvium 
in  the  valleys  of  small  creeks  such  as  the  Brandywine  generally 
consists  of  silt  and  clay  with  minor  sand  and  gravel. 


Aquifer  Characteristics 

The  Martlnsburg  shale  is  an  essentially  impermeable  rock  and  ground 
water  movement  is  along  secondary  fractures,  joints  and  cleavage. 
Tlie  upper  weathered  zone  is  usually  quite  permeable,  and  in  the 
unweathered  shale  major  fracture  zones  can  also  be  quite  permeable. 


Discussion 


This  dam  has  a long  history  of  leakage  at  the  toe  of  the  embank- 
ment. Mo  fonildetion  information  is  available i and  it  is  possible 
R8  tifORPj?  8if  ifiy  WRU  rnttie,  if  is  likely 

therefore,  that  much  of  this  leakage  is  through  the  weathered 
zone  in  the  shale.  There  is  no  indication  that  the  leakage  has 
Increased  with  time,  and  it  is  unlikely  that  the  leakage  would 
noticeably  accelerate  the  weathering  of  the  shale.  The  leakage 
therefore,  probably  does  not  represent  a threat  to  the  dam. 


Sources  of  Information 

1.  Geyer,  A.R. , and  Gray,  C.,  et  al.  (1958)  "Geology  of  the 
Lebanon  Quadrangle".  Pa.  Geological  Survey,  Atlas  167C. 

2.  Air  Photographs,  scale  1:24,000,  dated  1969. 

3.  Inspection  reports  in  file. 
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